The VISTA survey of the Magellanic Clouds system (VMC) is a public survey project of the European Southern Observatory. It is collecting multi-band near-infrared data across large areas of the Large and Small Magellanic Clouds, the Magellanic Bridge and a few fields in the Magellanic Stream. The combination of great sensitivity to stars below the old main sequence turn off, and the multiplicity at K s band (at least 12 epochs) make VMC highly suitable for the determination of the spatially resolved star formation history and three-dimensional geometry, using variable stars such as Cepheids and RR Lyrae stars. The VMC observations are progressing well and will be completed in 2018. The VMC survey has a high legacy value and many science results have already been published, e.g. the most detailed star formation history map of the Small Magellanic Cloud, and others are in preparation, e.g. a comprehensive investigation of classical Cepheids and a study of the proper motion in the foreground 47 Tuc cluster.
Survey Status
The near-infrared Y JK s survey of the Magellanic Clouds system (VMC; [1] ; www.-star.herts.ac.uk/∼mcioni/vmc) began in 2009 and will be completed in 2018. It covers about 170 deg 2 The sensitivity of the observations allows us to detect sources as faint as the main sequence turn off (∼ 22 mag in the Vega scale), sampling the entire age range of stellar populations and allowing us to derive accurate star formation histories. Multi-epochs are collected at each filter: 3 at Y and J, and at least 12 at K s . The latter allows us to obtain accurate mean magnitudes for variable stars (e.g. Cepheids and RR Lyrae stars) that are used to measure the three-dimensional geometry of the system. The VMC data have a high legacy value not only for studies of the Magellanic Clouds but also for studies of the Milky Way foreground and of background galaxies (including quasars, [2] ).
VMC data are obtained from the VISTA telescope in Chile and are processed at both the Cambridge Astronomy Survey Unit (CASU, [9] ) in Cambridge and at the Wide-Field Astronomy Unit (WFAU, [7] ) in Edinburgh using the VISTA Data Flow System pipeline (VDFS; [5] ). CASU performs the standard processing of the individual images, and produces source catalogues at each epoch of observation for each detector (the VISTA camera has sixteen detectors in the field-of-view = pawprint) and for each tile (the mosaic of six pawprints to fill a contiguous area of sky = tile). WFAU links the individual epochs and combines the observations of the same tiles re-extracting sources and producing deep catalogues. We also derive point-spread function photometry to detect fainter sources and improve detections in crowded regions. The VMC data are periodically released to the community via the VISTA Science Archive ( [4] ) and via the ESO archive.
VMC observations are performed in service mode which guarantees a high level of homogeneity of the data. The resulting FWHM of sources in the densest regions is ≤ 1 ′′ at each filter while for sources in the outermost regions of the system it is 0.1 ′′ − 0.2 ′′ higher. Individual tiles correspond to 1 h -long observations and reach a sensitivity of Y = 21.2, J = 21.4, and K s = 19.6 mag. The overall completion of the survey is > 60%: the two Stream tiles are fully observed, the Bridge and SMC are > 80% observed, and the LMC is ∼ 50% observed. Five tiles in the LMC, including tiles overlapping the South Ecliptic Pole (SEP) and the 30 Doradus regions, and two tiles in the SMC are already publicly available.
The VMC survey is the only near-infrared survey of the Magellanic system that is complementary to other ongoing large-scale optical surveys: the OGLE-IV survey that will provide the variability information across an unprecedented area of sky, the SMASH survey that searches for stellar debris in the outermost regions of the system, the STEP survey at the VST that focuses on the star formation history of the SMC and Bridge, Skymapper observations of the southern sky with a few repeats, and Gaia observations that will provide accurate positions and proper motions for all stars down to a magnitude below that of the horizontal branch, including RR Lyrae stars. The combination between VMC and these surveys will be highly valuable to investigate the origin and evolution of the system.
Science Highlights
Within the past five years, the VMC team has published 15 articles in refereed journals that address a variety of science topics and that demonstrate the high quality and versatility of the VMC data. We studied planetary nebulae ( [11] ) and asymptotic giant branch stars ( [6] ), we measured the star formation history ([20] ) and the parameters of star clusters ( [14] , [15] ), we analysed the periodicity of Cepheids ([16] , [17] , [18] ) and set the stage for further variability studies ( [12] ), we identified eclipsing binary stars ( [13] ) and quasar candidates ([2]), we built a map of the dust distribution ( [21] ), and studied population gradients ([10]) of Milky Way star clusters. We report below a brief summary of some recent and ongoing investigations.
The most accurate star formation history map of the SMC has been obtained using the VMC data ( [19] ). It was derived from the analysis of 10 tiles covering the main body. Each tile was subdivided into 16 equal regions, and for each region colour-magnitude diagrams were created. These showed a range of stellar populations that sample the entire history of the galaxy. We found, for each diagram, the best combination of 'partial' models ([20] ) that describes the stellar populations using the STARFISH ( [8] ) code. The reddening and the distance corresponding to each region were derived from a range of input values and then the associated star formation rate and iron abundance were analysed as a function of time. Overall, the star formation rate across the SMC was modest at ages < 5 Gyr (0.15M ⊙ yr −1 until a major burst that was responsible for the creation of most of the galaxy mass. Another star formation peak, at 1.5 Gyr, agrees with peaks in the formation of star clusters and in the LMC. The most recent star formation took place in the centre and in the eastern part of the galaxy.
The VMC survey has already covered a large fraction of the LMC providing counterparts for about 40% of the known classical Cepheids (Ripepi et al. in preparation). These stars follow a tight period-luminoisty-colour relation that is a powerful distance indicator. Previous works on smaller samples of classical Cepheids in the SEP and 30 Doradus regions ([16]), and on both anomalous and type II Cepheids, indicate dispersions ≤ 0.1 mag ( [17] , [18] ). The 13 VMC data points sample well the K s -band light-curves of Cepheids and for most of the stars the 4 J-band data points are also well representing the expected sinusoidal variation.
RR Lyrae stars, that are about 3.5 magnitude fainter than classical Cepheids, show a lower K s -band amplitude, but their light-curve is well sampled by the VMC measurements. Their dispersion around the period-luminosity relation is larger and this is probably due to the stars belonging to a spheroid rather than to a disk, like in the case of Cepheids. In the SEP region there are 109 confirmed RR Lyrae stars with a VMC counterpart (79 RRab, 23 RRc, and 7 RRd), Moretti et al. (in preparation) .
Projected onto the SMC background and to the North-West of the galaxy centre is the Milky Way star cluster 47 Tuc (Fig. 1) . In this tile (1.5 deg 2 in size) we trace the stellar cluster density out to large radii, detect the increase in the star counts to the direction of the SMC centre and isolate the stars of the SMC star cluster NGC 121. In the colour-magnitude diagram, (J − K s ) vs. K s , these different stellar populations are easily distinguished from each other and from the large number of background 30, 000 SMC stars and all 80, 000 cluster stars we derive proper motion accuracies of 0.1 mas yr −1 (25 km/s). This method is superior to the pilot study described in [3] because it is almost free from systematic uncertainties since it is based on the analysis of separate detectors, instead of using coordinates obtained after reconstructing a tile (each detector has its own distortion pattern that is difficult to evaluate after it is combined with the others in the tile mosaic).
Conclusions
The VMC survey is continuing to observe the Magellanic system acquiring data of unprecedented quality at near-infrared wavelengths. The survey will be completed in 2018 and some data area already publicly available. The accuracy of the VMC data permits the study of different stellar populations, derive their age, metallicity, reddening, distance, and absolute proper motions with respect to a reference system made of background galaxies. The VMC survey has a high legacy value and provides a wealth of targets for future spectroscopic investigations, e.g. with the 4MOST (at VISTA) and MOONs (at the VLT) spectrographs in the 2020s. The VMC survey is a public survey project of ESO and the VMC team welcomes enthusiastic astronomers who would like firsts in the exploitation of this rich data set.
